The utilization for water resource has been of great concern to human life. To assess the 12 natural water system in Kangding County, the integrated methods of hydrochemcial analysis, 
Introduction 30
Water is an incredibly important resource, and has significant uses in agriculture, industry and 31 domestic use. To better utilize it, a number of researches have been conducted to assess the water 32 quality [1] [2] [3] [4] . The water quality is determined by the hydrochemistry affected by different 33 hydrochemical processes. Furthermore, hydrochemical process is determined by natural 34 physical-chemical activities, e.g., ion exchange, mineral dissolution and precipitation, water-rock 35 interaction, and redox transformation [5] [6] [7] . 36
Up to date, hydrochemical analysis [8, 9] , multivariate statistical analysis [10, 11] , and 37 geochemical modelling [12, 13] have been proved to be efficient for constraining the hydrochemical 38 process of natural water system. The ratios of major ions provide critical clues to explain different 39 hydrochemical processes of water resource [14, 15] .
Principle component analysis (PCA) is useful to 40
analyze the large hydrochemical dataset, defining the factors controlling hydrochemistry [16, 17] .
41
Geochemical modelling using saturation index can specify the mineral precipitation and dissolution 42 in natural water system [18, 19] . δD and δ 18 O isotopes are ideal tracers for the source and pathways 43 of groundwater recharge [20] [21] [22] . 44 Southwestern China is well-known for its abundant water resource, including the Dadu River, 45
Jinsha River and Nu River. The Kangding County is located in southwestern China and dominated 46 by the Dadu River. However, previous studies were mainly focused on the genesis of thermal water 47 in Kangding County. Qi et al (2017) achieved a preliminary knowledge of thermal water and 48 discussed the relationship between changing parameters of thermal water and solid tide [23] . Luo et 49 al (2017) compared the thermal springs in northern and southern Kangding County and evaluated 50 the exploring potential [24] . Guo et al (2017) investigated the high-temperature geothermal system 51 using fluid and gas geochemistry [25] . Compared with thermal water, very little knowledge has 52 been achieved on the chemical components of surface water and groundwater and related 53 hydrochemical process. Moreover, the mixing model between groundwater and thermal water is 54 enigmatic, and has yet to be constrained. 55
In this study, we investigated the occurrence of fractures, interpreted hydrochemical 56 characteristics and conducted δD and δ 18 O isotopic analysis for surface water, groundwater and 57 thermal water. Then, we attempted to get deeper knowledge of the hydrochemical process based on 58 correlations of major ions, PCA analysis and geochemical modelling. Furthermore, the mixing ratio 59 between groundwater and thermal water was evaluated by the silica-enthalpy method. The recharge 60 area of surface water, groundwater and thermal water was identified by δD and δ 18 O isotopes. Those 61 analytical results would be helpful to build a hydrological conceptual model for natural water 62 system, providing valuable information for better exploiting water resource in Kangding County. 63
Geological setting 64
Kangding County is situated in the Sichuan Province, southwestern China. Tectonically, it is 65 located in the eastern margin of Tibet Plateau where three regional fault zones (Xianshuihe, 66
Anninghe and Longmenshan fault zones) formed a Y-shape intersection ( Figure 1a ). The Dadu River traverses southwardly through Kangding County, fed by a number of streams 114 (Figure 1b 
Results and discussion 147

Hydrochemical characteristics of water samples 148
Surface water (stream, river), groundwater (fractured water, cold spring), thermal water and 149 rain samples were classified, as shown in Table S1 . The Schöeller diagram for those samples is 150 illustrated in Figure 3 , indicating the variations of physicochemical parameters.
151
The surface water and groundwater are neutral to alkaline in nature and have similar chemical 152 compositions, whereas thermal water contains higher concentrations of major ions ( Figure 3 concentrated on the field of Ca 2+ -HCO3 -, whereas a few thermal water samples were plotted on the 160 field of Na + -Cl - ( 
Hydrochemcial process of surface water and groundwater 167
Correlation of major ions 168
The soluble ions of groundwater can be sourced from a variety of natural processes, such as 169 precipitation, evaporation, and water-rock interaction. Gibbs diagram is used to distinguish the 170 effects of these different processes [30] . In the Gibbs TDS versus Na + /(Na + + Ca 2+ ) and Cl -/(Cl -+ 171 HCO3 -) diagrams, the majority of the samples plotted in the field of rock weathering ( in water, as shown in the following equations (1) and (2). 182
Based on the equations (1) and (2) above, the dissolution of calcite and dolomite would produce 185 the Ca 2+ /HCO3 -and (Ca 2+ + Mg 2+ )/HCO3 -molar ratio of 0.5. In this study, the Ca 2+ /HCO3 -ratios of 186 most samples were between 0.5 and 1 (Figure 6a ), while (Ca 2+ + Mg 2+ )/HCO3 -ratios were greater than 187 1 (Figure 6b) If Na + is derived from the dissolution of halite, the Na + /Cl -molar ratio generally is equal to 1. 196 However, the Na + /Cl -molar ratio of water samples are much higher than 1, implying the excess Na + 197 concentration is derived from silicate weathering (Figure 6c ). In addition, the low Cl -concentration is 198 consistent with the absence of Cl-bearing minerals in Kangding County. The Ca 2+ and SO4 concentrations of groundwater are controlled by gypsum dissolution and precipitation processes, 200 which are shown in equation (3) below. 201
In condition of simple gypsum dissolution and precipitation, the ratio between Ca 2+ and SO4 2-203 would be 1: 1. The plots are distinctly below 1:1 line in Ca 2+ versus SO4 2-diagram (Figure 6d) Table 2 . Scree plot for groundwater samples showed a distinct change of 263 slop after the third factor (Figure 9a ). Using the Kaiser Criterion and scree plot, two major factors of 264 eigenvalues greater than 1 have been obtained, accounting for the total variance of 75.76% ( Figure  265 9b). The dominant factor (PC1) is responsible for 51. 
Mixing model of groundwater and thermal water 276
The main anions (Cl -, SO4 2-and HCO3 -) have been used to identify the mixture between thermal 277 and cold water [32] . The majority of thermal water samples are distributed on the field of peripheral 278 water (Figure 10a) , indicative of the involvement of cold water. Furthermore, the Na-K-Mg ternary 279 diagram shows that all thermal water samples are typical of immature water [32] (Figure 10b ), as 280 well as relatively deficient saturated indices of different minerals in Table S1 . Giggenbach and 281 Goguel (1989) suggested the low equilibrium of thermal water would be attributed to the dilution 282 and mixing of surficial cold water [33] . The water-rock equilibrium at different temperatures is 283 interpreted using the 10Mg 2+ /(10Mg 2+ + Ca 2+ ) versus 10K + /(10K + + Na + ) diagram. In Figure 10c , all 284 thermal water samples plotted above the curved line of the full equilibrium, yielding the recharge of 285 cold water. Hence, we can infer that thermal water is typical of immature water, involved with cold 286 water. 287
To evaluate the original temperature of thermal water and mixing ratio of cold water, the field 288 temperatures and silica concentration of thermal and cold water have been extensively carried out 289 [34, 35] , based on the equations (7) and (8) 
below: 290
Scx + Sh (1-x) = Ss (7) 291
Where Sc is enthalpy of cold water, Sh is the initial enthalpy of deep thermal water, Ss is the last 293 enthalpy of thermal water, SiO2c is SiO2 concentration of cold water, SiO2h is the beginning SiO2 294 content of deep thermal water, SiO2s is SiO2 concentration of thermal water. Founier and Truesdell 295 (1974) proposed a graphical way to obtain the two unknowns [34] . In the Figure 11 , red and blue 296 curves are drawn, and their intersections represent the mixing portion of cold water and estimated 297 reservoir temperature. Based on the results from Fig. 11 , we can infer the original temperature and 298 mixing ratio are 112-195 o C and 0.56-0.79, respectively. Moreover, a silicon-enthalpy graphic method 299 has been conducted to estimate the reservoir temperature of mixing water [33] . It is assumed no 300 silica deposition existed before or after mixing and that quartz determines the solubility of silica in 301 thermal water. A straight line connecting point of cold water and points of thermal water intersects 302 with the solubility curve for quartz at a point that gives the silica content and enthalpy value of 303 thermal water in the condition of no steam loss (Figure 10d water is the average values of groundwater samples in Table S1 . 313
Evaluation for δD and δ 18 O isotopes 314
The results of δD and δ 18 O isotopes from surface water (river), groundwater (cold spring and 315 fractured water) and thermal water were list in 
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